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Abstract 

Dendritic cells (DCs) are professional antigen-presenting cells (APCs) in human immune system. DC-based tumor vaccine 
has met with some success in specific malignancies, inclusive of breast cancer. In this study, we electrofused IVlDA-IVlB-231 
breast cancer cell line with day-3 DCs derived from peripheral blood monocytes, and explored the biological characteristics 
of fusion vaccine and its anti-tumor effects in vitro. Day-3 mature DCs were generated from day-2 immature DCs by adding 
cocktails composed of TNF-oc, IL-1(3, IL-6 and PEG2. Day-3 mature DCs were identified and electofused with breast cancer 
cells to generate fusion vaccine. Phenotype of fusion cells were identified by fluorescence microscope and flow cytometer. 
The fusion vaccine was evaluated for T cell proliferation, secretion of IL-12 and IFN-y, and induction of tumor-specific CTL 
response. Despite differences in morphology, day-3 and day-7 DC expressed similar surface markers. The secretion of IL-12 
and IFN-y in fusion vaccine group was much higher than that in the control group. Compared with control group, DC-tumor 
fusion vaccine could better stimulate the proliferation of allogeneic T lymphocytes and kill more breast cancer cells (MDA- 
IVlB-231) in vitro. Day-3 DCs had the same function as the day-7 DCs, but with a shorter culture period. Our findings 
suggested that day-3 DCs fused with whole apoptotic breast cancer cells could elicit effective specific antitumor T cell 
responses in vitro and may be developed into a prospective candidate for adoptivet immunotherapy. 
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Introduction 

Breast cancer has always been recognized as a major culprit of 
female mortality [1], with an incidence of nearly 80 to 100 out of 
every 100, 00 women in UK and USA. Similar data were also 
reported from Asian countries. Luckily, major advances in breast 
cancer treatment have been achieved over the last 20 years, 
leading to significant improvement in the rate of disease-free 
survival. Among various clinical approaches, a cancer vaccine 
would have important advantages over other available therapies 
for breast cancer. It could be easily administered and would be 
predicted to have no significant side effects because it would be 
extremely specific [2]. 

The basic concept of developing a vaccine for specific tumor cell 
antigens is uncomplicated, but the development of effective cancer 
vaccines for solid tumors has met with limited success. This is 
exactly the case in breast cancer. Although there are many 
potential explanations for this incomplete success, the major 
underlying challenge is that breast cancer cells have many 
subgroups that vary in morphology, biology, behavior and 
response to therapy. One subtype of the breast cancer is triple- 
negative breast cancer (TNBC), with the characteristics of estrogen 
receptor (ER) negative, progesterone receptor (PR) negative and 



human epidermal growth factor receptor-2(Her-2). TNBC's 
aggressive clinical behavior results in its unfavorable reaction to 
endocrine therapy and anti-Her2 targeted therapy, thus creating a 
niche for a more effective clinical solution. 

Dendritic cells (DCs) are specialist antigen-presenting cells 
(APC) playing a pivotal role in immune sentinels as initiators of T- 
cell responses against tumors and microbial pathogens [3] . Upon 
stimulation with tumor associated antigen or bacterial products, 
DCs undergo a maturation process that causes upregulation of co- 
stimulatory molecules, high-level expression of major histocom- 
patibility complex (MHC) and migration into secondary lymphoid 
organs where they prime naive T cells [4,5]. Because of the unique 
capacity to stimulate resting T cells, DCs are the most promising 
option for immunization protocols. 

Among the various cellular sources, PBMC was more adopted 
than other sources such as cord blood and bone marrow to 
generate DCs because the monocytes can be easily obtained from 
peripheral blood in large numbers. [6,7] 

Currently, numerous protocols were developed to prepare 
mDCs varying in the time periods and the signals used for 
maturation in vitro. The traditional methods required about seven 
days of cell culture using the following protocol: 5 days to generate 
immature DCs with GM-CSF and IL-4, then 2 or 3 days to induce 
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the maturation of DCs with microbial, proinflammatory, or T cell- 
derived stimuli. To generate DCs-based vaccine for rapid clinical 
trial use, shorter DCs differentiation protocols have been 
investigated. Previous studies indicated that mDCs could also be 
generated within 2 days using a maturation cocktail, including 
TNF-a, IL-ip, IL-6 and PEG2 [8]. These so called "fast DCs", 
though exhibiting high surface expression of CD80, CD86, HLA- 
DR and producing high level of IL-12, demonstrated some 
impairment in migratory capacity [9,10,11]. Therefore, Maja 
Burdek and his colleagues improved this Day-2 "fast DCs" 
protocol to prepare young mDCs by extending the time period to 
48 h, followed by addition of the maturation cocktail for another 
24 h, giving a total culture period of 72 h [12]. The Day-3 
protocol was not only more time saving and cost effective for DC- 
based vaccine development, but also led to a higher yield of cells 
with greater viability and the equal capacity to activate CTLs. 

DCs can acquire target antigens through tumor antigen peptide 
by breaking tumor cells, co-culturing with tumor cells, or 
transfecting DCs by tumor antigen associated genes. However, 
the broken tumor cells may not provide sufficient antigens to DCs. 
It was even worse in tumor cells like TNBC, which lack ER, PR, 
and HER-2 typical to other breast cancer cells. Therefore, we 
assume that the protocol to fuse whole TNBC tumor cells with 
DCs could integrate the antigenicity of tumor cells and DCs 
functions of antigen presenting and T cells activating, thus 
achieving a stronger tumor killing effect. 

In the present study, we performed a comparative investigation 
of day-3 and day-7 mDCs in terms of morphology, phenotype, 
and subsequently evaluated whether day-3 mDCs fused with 
apoptodc TNBC cells (MDA-MB-231) could elicit T cell responses 
of proliferation, cytotoxicity, and cytokine release against alloge- 
neic tumor cells. Our aim was to obtain preclinical evidence for 
the potential efficacy of day-3 DC /tumor vaccine therapy that 
such an approach may hold key to the potential treatment with 
adoptive immunotherapy for patients with TNBC. 

Materials and Methods 

We confirm that the use of human subjects was specifically 
approved by the Clinical Research Ethics Committee of the Third 
Affiliated Hospital, Sun Yat-sen University. Guangzhou Blood 
Center supplied the blood and recorded the informed consent. 
Before donating blood, the volunteers had known and agreed the 
content that the blood was going to use for clinical treatment and 
scientific research. We are sure that all the healthy volunteers 
agreed to participate in the study in verbal informed consent. 

Cell culture 

Human TNBC cell line MDA-MB-231 was purchased from the 
Sun Yat-Sen University Cancer Center (They obtained from 
American Type Culture CoUection-ATCC). The cells were 
cultured in RPMI-1640 (purchased from Gibco CO., USA) 
containing 10% standard fetal bovine serum (Gibco CO., USA), 
2 mM L-glutamine,100 U/ml penicillin, 100 |ig/ml streptomycin, 
and incubated in an environment containing 5% CO2 at 37°C. 
The cell line was routinely tested for mycoplasma and found 
negative. Cells in logarithmic growth phase were chosen for 
experiment. 

Generation and culture of Day-3 and Day-7 DCs 

Human peripheral venous blood was obtained from Guangzhou 
Blood Center and heparinized under aseptic condition. PBMC 
were isolated from peripheral blood by FicoU-Hypaque gradient 
centrifugation and the lymphocytes separating solution purchased 



from Tianjin Hanyang Biologicals Technology Co., Ltd. was used. 
PBMCs were subsequently cultured in serum-free RPMI 1640 
medium in 6-well plates at 37°C and 5%C02 for 2 h. Non- 
adherent cells were removed by gently washing with phosphate- 
buffered saline (PBS) solution and used for T cell enrichment by 
nylon wool. Adherent cells were replenished with RPMI 1640 
medium containing 100 ng/ml recombinant human granulocyte 
macrophage-colony stimulating factor (rhOM-CSF; PeproTech 
CO., USA) and 20 ng/ml recombinant human interleukin-4 
(rhIL-4; PeproTech) for 2 days and subsequently incubated with a 
combination of proinffammatory mediators for 24 h (1000 U/ml 
TNF-a, 10 ng/ml IL-ip, 10 ng/ml IL-6, and 1 |iM PGEg, 
PeproTech). To generate the Day-7 DCs, adherent cells were 
cultured for 5 days with GM-CSF and IL-4, followed by 
incubation with the same proinffammatory mediators for another 
48 h. 

Electrofusion of DCs and tumor cells 

Day-3 mature DCs were mixed with MDA-MB-231 at a ratio of 
1:1 in fusion medium, respectively. The tumor cells were treated 
with mitomycin C,50 |ig/ml (Nanjing KeyGEN Biotech Co., Ltd) 
at 37°Cfor 30 min. Fusion medium consisted of 280 mM glucose 
solution containing 0.1 mM Ca(CH3COO)2, 0.5 mM Mg(CH3 
COO)2, and 0.3% bovine serum albumin at 2:1 ratio (PH = 7.3). 
After washed twice with the fusion medium, the mix cells were 
resuspended in 1 ml fusion medium at a concentration of 
IxlO^cells in an electroplated cuvette (Bio-Rad, CO., USA). 
Electrofusion was carried out using a fusion chamber connected to 
a pulse generator (Gene Pulser Xcell-TY8488, Bio-Rad). Cell 
alignment was first induced by dielectrophoresis with an alternat- 
ing-current pulse of 200 V/cm for 10 s. Subsequently, cell fusion 
was triggered by application of direct current pulse of 1000 V/cm 
for 20 |is. The cuvette was left to stand for at least 5 min before 
cells were removed in a series of PBS rinses. The fusion mixture 
was resuspended in RPMI-1640 with 10% FBS and incubated 
overnight. After rinsing, adherent cells containing fusion hybrids 
were harvested. Fusion cells were purified by Flow Cell Sorter. 

Identification of fusion cells 

Fusion cells were identified by the morphology, ffuorenscence 
microscope and ffow cytometry. The morphology was carried out 
by inverted microscope; tumor cells were pre-labeled with 
fluorescein isothiocyanate (FITC)-conjugated anti-Mucl (BD 
CO., USA). The hybrid cells were incubated with phycoerythrin 
(PE)-conjugated anti-CDllc (BD) for 30 min at 4°C. Cells were 
washed, frxed and analyzed by fluorenscence microscope and 
FACScan (BD) with CellQuest analysis software. 

Flow cytometry analysis 

Cells were washed and incubated with FITC-conjugated 
antibody against CD83,CD86, or Muc-1 and PE-conjugated 
antibody against CDllc and HLA-DR (BD) for 30 min at 4°C. 
After washing with cold PBS, cells were fixed with 2% 
paraformaldehyde and analyzed by FACScan. 

Mixed lymphocyte reactions induced by Day-3 and Day-7 
DC fusion vaccine 

Nonadherent PBMCs, as mentioned above, were purified 
through nylon wool to remove antigen-presenting cells and B 
cells. Then T lymphocytes were cultured in RPMI-1640 contain- 
ing rhIL-2 20 ng/ml, to prepare as the reactive cells. Day-3 or 
Day-7 DC/MDA-MB-231 fusion cells, Day-3 DC mixed with 
MDA-MB-231, and Day-3 DC alone were cultured at the same 
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time. These four groups of cells were added into 96-well plates 
with T cells at a ratio of 5:1, 10:1, and 20:1, three wells for each 
group. T cell control group and culture medium blank control 
group were established. After 72 h of culture, 10 |il Cell Counting 
Kit (CCK8; Nanjing KeyGEN) solution was added successively. 
Absorbance OD value was detected by enzyme- labeled instru- 
ment at 570 nm and the stimulation index (SI) obtained for 
triplicate assays. 

Cytokine detection by ELISA 

T lymphocytes enriched by nylon wood were cultured in 24 well 
plates with complete medium containing rhIL-2 20 ng/ml, 
prepared as effector cells. DC/MDA-MB-231 fusion cells, DC 
mixed with MDA-MB-231, and DC alone were plated with the 
effector T cells at a ratio of 10:1 (1 xlO^ stimulating cells/ 1 xlO^ 
effector cells) and cultured for 7 days at 37°C and 5% C02. The 
effector cells were serially stimulated a total of three times. Five 
days after the third stimulation, supernatant levels of IFN-y and 
IL-12 were measured with human IFN-y and IL-12 ELISA 
detection kits (Nanjing KeyGEN) according to the manufacturer's 
instructions. Cytokine release was reported as mean picograms ± 
SEM of IFN-y and IL-12 for triplicate assays. 

Cytotoxicity assay 

For the induction of tumor-specific CTL, T lymphocyte were 
incubated with stimulators (Day-3 or Day-7 DC/MDA-MB-231 
fusion cells, Day-3 DCs mixed with tumor cells, Day-3 DCs alone) 
at a ratio of 10:1 in 24-well culture plates in RPMI 1640 medium 
containing IL-2 for 5 days at 37°C, 5% CO2. The CTLs were 
harvested and incubated with target cells (MDA-MB-231, MCF-7, 
PC-3) at a ratio of 5:1, 10:1, 20:1 in 96-microwell plates at 37°C, 
5% CO2 for 72 h as the reactive cell group, respectively. 
Concurrently, pure CTL group, pure target cell control group 
and pure culture solution blank control group were established. In 
the last 4 h, 10 |il CCK8 solution was added. Absorbance OD 
value was detected by enzyme-labeled instrument at 570 nm. The 
following formula was used to calculate killing rate, killing rate = 
[l-(OD value of reactive cell well-OD value of effector cell well)/ 
(OD value of target cell well)] x 100%. 

Statistical analysis 

The statistical differences between experimental groups and 
controls were determined by the Student's t-test and were 
considered significant if two-tailed P values were less than 0.05. 

Results 

Morphology and phenotype of Day-3 and Day-7 DCs 

All types of DCs were generated using monocytes obtained via 
plate adherence of freshly isolated PBMC of healthy donors. In all 
experiments, the four proinflammatory mediators were used for 
DC maturation. The Day-3 DCs were generated within 72 h, 
whereas Day-7 DCs were generated within one week. The 
different DC types were analyzed via flow light microscopy and 
cytometry (Figure lA and IB). It was shown that Day-3 mDC 
were similar in size to Day-2 iDC, while Day-7 mDC were larger 
than Day-6 iDC. It was noticeable that Day-7 mDC were much 
larger and indicated longer, better cytoplasmatic protrusions than 
Day-3 mDC. Moreover, Day-3 mDC displayed a higher yield and 
viability compared to Day-7 mDC (data not shown). As for the 
phenotype, DCs were stained with monoclonal antibodies specific 
for cell surface molecules typically expressed on iDC and mDC 
and subsequently analyzed via flow cytometry. Day-2 iDC and 
Day-6 iDC displayed no CD83 and low expression of CD86. 



Typically, Day-3 and Day-7 mDC showed high expression of 
CD83, constimulatory molecules CD86, as well as other molecules 
that are important for the function of mDCs, including CD 11c 
and HLA-DR. Despite the shorter culture time, 3 d mDCs often 
expressed higher levels of activation markers, which was compa- 
rable to that of Day-7 mDCs. 

Characteristics of Day-3 DC/TNBC fusion cells 

Day-3 DCs were generated from PBMC and cultured in GM- 
CSF/IL-4 medium with the following stimulation of four 
proinflammatory mediators. Then Day-3 DCs were fused with 
apoptotic TNBC cell line MDA-MB-231 via electrofusion. The 
fusion cells were observed under light microscope. We can see that 
DCs and tumor cells were fused, with cytomembrane and 
cytoplast partially fused. The karyons of parent cells were close 
to each other, but without the sign of fusion (Figure 2A). The 
fluorenscence microscopic results demonstrated that tumor cells 
stained with FITC -conjugated Mucl appearedgreen fluorenscent 
and DCs stained with PE-conjugated CD 11c were red fluorens- 
cent. The fusion cells consisting of DCs and tumor cells presented 
yellow fluorenscent in areas of colocalization (Figure 2B). FACS 
analyses to assess fusion cells demonstrated that DCs expressed 
CD 11c molecules and were negative for Muc-1 tumor antigen, 
whereas MDA-MB-231 expressed Muc-1 tumor antigens and 
were negative for CD 11c molecule. DC/MDA-MB-231 fusion 
cells both expressed CDl Ic and Muc-1. The fusion efficiency was 
about 30% after subtracting the double positive cells from DC 
mixed with tumor cells (Figure 2C). Fusion cells were purified by 
Flow Cell Sorter for the coexpression of CDl Ic and Muc-1. These 
results provided unequivocal evidence that the fusion cells 
possessed the phenotypic properties of their parent cells. 

T-cell proliferation assay 

T cells were cocultured with fusion cells to determine whether 
Day-3 DC/MDA-MB-231 fusion cells are effective in stimulating 
T cell proliferation as Day-7 DC fusion cells. In the control groups, 
Day-7 DC/MDA-MB-231 fusion cells, Day-3 DCs mixed with 
and without MDA-MB-231 were also cocultured with T cells 
simultaneously. Similar significant T-cell proliferation was induced 
by Day-3 and Day-7 DC/MDA-MB-231 fusion cells (P>0.05), 
and to a much lesser extent, by Day-3 DCs mixed with MDA-MB- 
231 and Day-3 DCs alone (P<0.05). No statistically significant 
differences were obtained between Day-3 DCs mixed with MDA- 
MB-231 group and Day-3 DCs alone group (P>0.05). DC/MDA- 
MB-231 fusion cells at a ratio of 20:1 induced more significant T 
cells proliferation than that at ratios of 5:1 and 10:1 (P<0.05) 
(Figure 3). 




Figure 1. Morphology and phenotype of immature and mature 
DCs. PBMC were isolated from peripheral blood by Ficoll-Hypaque 
gradient centrifugation and subsequently cultured in serum-free RPMI 
1640 medium in 6-well plates at 37°C and 5%C02 for 2 h. Non-adherent 
cells were removed by gently washing with PBS. Adherent cells were 
replenished with RPMI 1640 medium containing GM-CSF 100 ng/ml 
and IL-4 20 ng/m. (A) Morphology of Day-2 imDC, Day-3 mDC, Day-5 
imDC and Day-7 mDC. (B) Phenotype of Day-2 imDC, Day-3 mDC, Day-5 
imDC and Day-7 mDC Day-3 and Day-7 DC. 
doi:1 0.1 371/journal.pone.01 021 97.g001 
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Figure 2. Identification of fusion vaccine. Day-3 mature DCs were 
electrofused with IVlDA-IVlB-231 to generate fusion vaccine. Tlie fusion 
vaccine was identified from different way. (A) Morpiioiogy of fusion 
vaccine. (B), (C) Tumor cells were pre-labeled with fluorescein 
isothiocyanate (FITC)-conjugated anti-Mud. The hybrid cells were 
incubated with phycoerythrin (PE)-conjugated anti-CDIIc. Cells were 
washed, fixed and analyzed by fluorenscence microscope and FACScan 
with CellQuest analysis software. 
doi:1 0.1 371 /journal. pone.01 021 97.g002 

Secretion of IFN-y, IL-12 in DC/I\/1DA-I\/1B-231 fusion cells 
cocultured with T cells 

Cytokine secretion was analyzed to determine T cell activation 
and to explore the relationship between IL-12 and IFN-y. 
Supernatant of fusion cells group was collected at indicated time 
points to detect the expression of IL-12 and IFN-y. The secretion 
peak of IL-12 in DCs (81.25±8.54 pg/ml) and Mix cells groups 
(103.18±9.12 pg/ml) was on the third day, then the level was 
slowly declined (Figure 4A). In contrast, the peak level secretion of 
IL-12 detected in fusion group (204.87 ± 10.03 pg/ml) was on the 
third day, but it remained stable without obvious decline. The 
secretion level of IL- 1 2 in fusion cell group was higher than that in 
DCs and Mix cells group (P<0.05). In the fusion group, the 
secretion peak of IFN-y was on the fifth day and the level in 
fusion group (591.14±1 1.68 pg/ml) was higher than the contrast 
groups (DC 132. 76 ±9. 12 pg/ml. Mix cells 1 68.43 ± 10.75 pg/ml) 
(Figure 4B). 

Induction of antigen-specific CTLs by fusion vaccine 

We first tested cytotoxic activity against MDA-MB-231, using 
CTLs induced by fusion vaccine. The results showed that the Day- 
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Figure 3. The proliferation of T cells stimulated by fusion cells. 

T lymphocytes were cultured in RPIVll-1640 containing rhlL-2 20 ng/ml, 
to prepare as the reactive cells. Day-3 and Day-7 fusion cells, mixed 
cells, and DC alone were cultured at the same time. These four groups 
of cells were added into 96-well plates with T cells at a ratio of 5:1 , 1 0:1 , 
and 20:1, three wells for each group. T cell control group and culture 
medium blank control group were established. Each bar represents the 
mean ± standard error of the mean.* Significantly different from the DC 
and mix cell groups, P<0.05, #No difference between Day-3 and Day-7 
fusion vaccine. 

doi:1 0.1 371 /journal. pone.01 021 97.g003 
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Figure 4. The secretion of IL-12 and IFN-y in the supernatant of 
each group. Fusion cells, mixed cells, and DCs alone were plated with 
the effector T cells at a ratio of 10:1. The effector cells were serially 
stimulated a total of three times. Five days after the third stimulation, 
supernatant levels of IFN-y and IL-12 were measured with human IFN-y 
and IL-12 ELISA detection kits. Cytokine release was reported as mean 
picograms ± SEM of IFN-y and IL-12 for triplicate wells. * Significantly 
different from the control groups, P<0.05. 
doi:1 0.1 371/journal. pone.01 021 97.g004 

3 fusion vaccines were able to elicit a more impressive CTL 
response against MDA-MB-231 and the cytotoxic activity was as 
strong as Day-7 fusion vaccine. The cytotoxic activity was more 
intense when the effector- target ratio increased. In contrast, DCs 
and Mix cells group did not induce a strong CTL response 
(Figure 5A). Then we determined whether DCs electrofused with 
MDA-MB-231 can elicit specific CTL with cytotoxic activity 
against MDA-MB-231 in vitro. The results displayed that CTLs 
stimulated by DC /MDA-MB-231 fusion vaccine were effective in 
inducing lysis of MDA-MB-231 cells. In contrast, cytotoxic activity 
against MCF-7 cells and PC-3 cells failed to generate by MDA- 
MB-231 specific CTLs (Figure 5B). In brief, these results indicated 
that the CTLs stimulated by DC/MDA-MB-231 fusion cells had 
specific antitumor efficacy against MDA-MB-231 cells. 

Discussion 

In the present study, we fused DCs with TNBC tumor cells to 
generate whole antigen vaccine. Previous investigations reported 
that DCs could present antigens by means of MHC molecules and 
co-stimulating signals, thus being recognized as the most powerful 
antigen presenting cells (APC), initiating body anti- tumor immu- 
nity reactions through naive T cells activation and proliferation 
[13]. These unique functions of DCs could be applied into anti- 
tumor immunotherapy [14,15] and had met with some success in 
malignant melanoma [16], renal cell carcinoma [17], breast can- 
cer [18] etc. 

DCs maturity was also reported to relate to their functions. 
Immature DCs (iDC) are located in peripheral tissues and take up 
antigens via phagocytosis, macropinocytosis or receptor-mediated 
endocytosis. Antigens taken by iDCs would be processed and 
presented as antigen-derived peptides on their MHC molecules. 
The presentation of antigens by iDCs can lead to deletion of T 
cells, T cell anergy or induction of TGF-(3, and IL-10 secreted by 
T regulatory cells [19]. With antigens uptake, iDCs could be 
converted to a mature phenotype, characterized by the upregula- 
tion of immunophenotyping, such as CD83, CD86, CDl Ic, HLA- 
DR[20]. 

In the present study, Day-3 DC preparation protocols were 
developed to speed up DC vaccine preparationand to reduce labor 
requirements and costs [12]. During the preparation, we added 
maturation cocktail to the iDC cultures on the second day, and the 
mature DCs (mDC) were yielded on Day-3. We observed that Day- 
3 mDCs were more robust cells, reflected in a lower granularity 
and smaller morphology, resulting in a higher yield of cells with 
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Figure 5. Antigen-specific CTLs by fusion vaccine. (A) The CTLs induced by Day-3 or Day-7 fusion vaccine, mix cell and DC alone were 
harvested and incubated with target cells (IVlDA-IVlB-231) at a ratio of 5:1, 10:1, 20:1 in 96-microwell plates. (B) The CTLs induced by Day-3 fusion 
vaccine, mix cell and DC alone were harvested and incubated with target cells (IVlDA-IVlB-231, IVlCF-7, PC-3). The following formula was used to 
calculate killing rate, killing rate = [1 -(OD value of reactive cell well-OD value of effector cell well)/(OD value of target cell well)] x 1 00%. * Significantly 
different from the DC and mix cell groups, P<0.05, #No difference between Day-3 and Day-7 fusion vaccine. 
doi:1 0.1 371 /journal.pone.01 021 97.g005 



greater viability. The difFerence in morphology raised the issue 
whether Day-3 mDCs would be different from Day-7 mDCs in 
immunophenotyping. The results showed that both types of mDCs 
expressed similar levels of important molecules of GDI Ic, GD83, 
GD86 and HLA-DR. 

Previous investigations reported such approaches to load DGs 
with target antigens as acquiring tumor antigen peptide by 
breaking tumor cells, stimulating DGs through co-culturing with 
tumor cells, transfecting DGs by tumor antigen associated genes 
[21,22,23]. However, DG-based immumotherapy has met with 
only limited success due to the following factors: the tolerant 
environment of the tumor, the limited availability of known 
tumor-associated antigens, and the insufficient numbers and the 
functional defect of DGs from patients [24]. The fragmented 
antigens might be particularly responsible for this limitation. It was 
even worse in tumor cells like TNBG, which have no special 
antigen or antigen gene and without expression of ER, PR, and 
HER2. Fortunately, with the development of cell fusion technique 
in more recent years, researchers have attempted to fuse DGs with 
tumor cells to generate the fusion vaccine, integrating the 
antigenicity of tumor cells and DGs functions of antigen presenting 
and T cells activating [25]. 

In the present study, we fused DGs with triple-negative breast 
cancer (TNBG) cells as the whole antigen to generate the vaccine 
to target TNBG cells through T cells mediation. Day-3 mDGs 
were fused with TNBG cells (MDA-MB-231) via electrofusion to 
make TNBG specific vaccine. We found that fusion cells possessed 
the phenotype of their parent cells. The hybrids were capable of 
inducing a lymphocyte proliferation response, which was impor- 
tant in anti- tumor immunity. 

IL-12 was shown to play a pivotal role in promoting the 
polarization of Thl cells and promoting the secretion of IFN-y, IL- 
2 and TNF by GD8-I-GTL, which were essential in the induction 
and maintenance of GTL. IFN-y secreted by Thl or GD8-I-GTL 
cells has a powerful effect in enhancing the ability of DGs to 
produce IL-12, and IL-12 also enhances the production of IFN-y, 
thus creating a positive reinforcement loop [26] . In the presenting 
study, the secretion of IL-12 in culture medium supernatants 
increased gradually and reached the highest level on day-3 after 
fusion, and then the secretion level tended to be stable, which was 



significantly different from the secretion in the control group in 
which the secretion of IL-12 gradually decreased after reaching the 
highest level on day-3. Meanwhile, the detection of secretion of 
IFN-y in the upper solution found that the highest level of IFN-y 
was on day-5 in the fusion group and the secretion level tended to 
be stable while the secretion in the control group decreased on 
day-3. The highest secretion level of IFN-y was later than that of 
IL-12, indicating that the IL-12 may facilitate the secretion of IFN- 
y. Altogether, these results demonstrated that the fusion cells could 
up-regulate and guarantee continuous IL-12 secretion and then 
promote the secretion of IFN-y to maintain the antitumor activity. 

Our next approach was to determine the specific cytotoxic 
activity of Day-3 fusion vaccine. The results revealed that Day-3 
DGs fused with apoptotic tumor cells could elicit the similar 
cytotoxicity with Day-7 DG /tumor vaccine and more intense 
antitumor activity than the control groups. To confirm the 
antigen-specific of GTL, we used the TNBG antigen-sensitized 
GTLs to co-culture with MDA-MB-231, MGF-7 and PG-3, and 
discovered the higher GTL activity against MDA-MB-231 than 
against MGF-7 and PG-3. Moderate killing to MGF-7 might 
reveal their possession of some common unidentified antigens with 
MDA-MB-231. 

Conclusion 

Our study indicated that it is feasible to prepare TNBG specific 
vaccine by electrofusion with peripheral blood Day-3 DGs. This 
strategy of generating Day-3 DGs not only reduces cost, labor, and 
time for DG development, but also represents a novel model to 
generate cancer vaccines. 
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